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Making a carbon nanotube source comprising

a plurality of carbon nanotubes 51

Providing a cathode active material comprising
a plurality of cathode active material particles ——S¢2
and a solvent

Adding the carbon nanotube source and the
cathode active material into the solvent, and |} S3
shaking the solvent with the carbon nanotube
source and the cathode active material with
ultrasonic wave

Separating the carbon nanotube source and
the cathode active material from the solvent |—S4
to get the lithium ion battery cathode
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METHOD FOR MAKING LITHIUM ION
BATTERY CATHODE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims all benefits accruing under 35
US.C. §119 from China Patent Application No.
201110333540.8, filed on Oct. 28, 2011, in the China Intel-
lectual Property Office, the contents of which are hereby
incorporated by reference. The application is also related to
copending applications entitled, “METHOD FOR MAKING
LITHIUNION BATTERY ANODE”, filed Dec. 29, 2011 Ser.
No. 13/340,235; “LITHIUM ION BATTERY ANODE”, filed
Dec. 29, 2011 Ser. No. 13/340,260.

BACKGROUND

1. Technical Field

The present disclosure relates to a method for making
lithium ion battery cathodes, particularly, to a method for
making a carbon nanotube based lithium ion battery cathode.

2. Description of Related Art

A typical lithium ion battery mainly includes a cathode, an
anode, a separator, and an electrolyte. The cathode usually
includes cathode active material, conductive particles, and
adhesive. The adhesive is used to bond the cathode active
material and conductive particles together, so that the cathode
can have a stable structure with a desired shape. The adhesive
is usually composed of insulative organic material. The
organic material includes polyvinylidene fluoride (PVDF),
polyfluortetracthylene (PTFE), or styrene-butadiene rubber
(SBR). A mass ratio of the adhesive to the cathode is usually
about 10%. Thus, the adhesive would decrease the conduc-
tivity and specific capacity of the cathode.

What is needed, therefore, is to provide a method for mak-
ing a lithium ion battery cathode without adhesive.

BRIEF DESCRIPTION OF THE DRAWING

Many aspects of the present disclosure can be better under-
stood with reference to the following drawings. The compo-
nents in the drawings are not necessarily to scale, the empha-
sis instead being placed upon clearly illustrating the
principles of the present embodiments.

FIG. 1 is a flow chart of one embodiment of a process for
making a lithium ion battery cathode.

FIG. 2 is a Transmission Electron Microscope (TEM)
image of a carbon nanotube of a carbon nanotube source.

FIG. 3 is a photo showing a mixture including the carbon
nanotube source and cathode active material particles depos-
ited on a bottom of a solvent in the process for making the
lithium ion battery cathode.

FIG. 4 is a photo showing a mixture including carbon
blacks and cathode active material particles suspended in a
solvent in a contrast experiment.

FIG. 5 is a Scanning Electron Microscope (SEM) image of
one embodiment of a lithium ion battery cathode.

FIG. 6 is a structural schematic view of the lithium ion
battery cathode of FIG. 5.

FIG. 7 is a graph showing stress-strain curves of the lithium
ion battery cathode of FIG. 1 and a lithium ion battery cathode
with adhesive.

DETAILED DESCRIPTION

The disclosure is illustrated by way of example and not by
way of limitation in the figures of the accompanying drawings
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in which like references indicate similar elements. It should
be noted that references to “another,” “an,” or “one” embodi-
ment in this disclosure are not necessarily to the same
embodiment, and such references mean at least one.

Referring to FIG. 1, a method for making a lithium ion
battery cathode according to one embodiment is provided.
The method includes the following steps:

S1: making a carbon nanotube source including a number
of carbon nanotubes;

S2: providing a cathode active material including a number
of cathode active material particles and a solvent;

S3: adding the carbon nanotube source and the cathode
active material into the solvent, and shaking the solvent with
the carbon nanotube source and the cathode active material
with ultrasonic waves; and

S4: separating the carbon nanotube source and the cathode
active material from the solvent to obtain a lithium ion battery
cathode.

In step S1, the carbon nanotube source can be made of
carbon nanotubes. The carbon nanotubes can be single-
walled carbon nanotubes, double-walled carbon nanotubes,
or multi-walled carbon nanotubes. A diameter of the carbon
nanotube can be in a range from about 1 nanometer to about
200 nanometers. The carbon nanotubes can be pure, meaning
there is few or no impurities adhered on surface of the carbon
nanotubes. In some embodiments, there are no functional
groups attached on the carbon nanotubes. A length of the
carbon nanotubes can be the same or different. The length of
the carbon nanotubes can be longer than 300 micrometers. In
one embodiment, the length of the carbon nanotubes are
substantially the same. A method for making the carbon nano-
tube source can include providing a carbon nanotube array,
wherein the carbon nanotube array can be formed on a sub-
strate, and scratching the carbon nanotube array from the
substrate to form the carbon nanotube source. The carbon
nanotube source obtained directly from the carbon nanotube
array can make the lithium ion battery cathode stronger. In
one embodiment, the carbon nanotube array is a super aligned
carbon nanotube array. In the super aligned carbon nanotube
array, a length of the carbon nanotubes is almost the same and
longer than 300 micrometers. Surfaces of the carbon nano-
tubes are clean and without impurities. The lithium ion bat-
tery cathode made by the above method only includes the
carbon nanotube source and the cathode active material.

In step S1, the carbon nanotube array can be made using
CVD method, arc discharge method, aerosol method, or any
other appropriate method. In one embodiment, a method for
making the carbon nanotube array includes:

S11: providing a substantially flat and smooth substrate;

S12: applying a catalyst layer on the substrate;

S13: annealing the substrate with the catalyst layer at a
temperature in the range of about 700° C. to about 900° C. in
air for about 30 minutes to about 90 minutes;

S14: heating the substrate with the catalyst layer at a tem-
perature in the range from about 500° C. to about 740° C. in
a furnace with a protective gas therein; and

S15: supplying a carbon source gas to the furnace for about
5 to about 30 minutes and growing a super-aligned array of
the carbon nanotubes from the substrate.

Instep S11, the substrate can be a P or N-type silicon wafer.
In one embodiment, a 4-inch P-type silicon wafer is used as
the substrate.

In step S12, the catalyst can be made of iron (Fe), cobalt
(Co), nickel (Ni), or any combination alloy thereof.

In step S14, the protective gas can be made up of at least
one of nitrogen (N,), ammonia (NH;), and a noble gas.
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In step S15, the carbon source gas can be a hydrocarbon
gas, such as ethylene (C,H,), methane (CH,), acetylene
(C,H,), ethane (C,Hy), or any combination thereof.

The carbon nanotube array formed by the above method is
a super aligned carbon nanotube array. Referring to FIG. 2, a
carbon nanotube of the carbon nanotube array is almost pure,
and a surface of the carbon nanotube is clean.

In the step S2, the cathode active material can be doped or
undoped spinel lithium manganese oxide (e.g., LiMn,0O,),
layer-shaped lithium manganese oxide (e.g., LiMnO,),
lithium nickel oxide (e.g., LiNiO,), lithium cobalt oxide (e.g.,
LiCo0,), lithium iron phosphate (e.g., LiFePO,), lithium
nickel cobalt manganese oxide (e.g., LiNi, ;CO, sMn, ;0,),
lithium nickel cobalt oxide (e.g., LiNi, ;CO, ,0,), or any
combination thereof. A shape of the cathode active material
particles is not limited, and can be irregular or regular. A
diameter of the cathode active material particles can be in a
range from about 10 nanometers (nm) to about 100 microme-
ters (um). In one embodiment, the cathode active material
particles can be lithium cobalt oxide particles having a diam-
eter less than 15 um.

In the step S2, the solvent can be ethanol, glycol, acetone,
N-Methyl-2-pyrrolidone, water or combination thereof. In
one embodiment, the solvent is ethanol. The solvent is con-
tained in a container, such as a beaker.

In the step S3, an order of adding the carbon nanotube
source and the cathode active material is not limited. In one
embodiment, the carbon nanotube source can be added into
the solvent first, and then the cathode active material is added.
In another embodiment, the cathode active material is added
into the solvent first, and then the carbon nanotube source is
added. In still another embodiment, the cathode active mate-
rial and the carbon nanotube source are added into the solvent
at the same time.

In step S3, the carbon nanotube source and the cathode
active material form a mixture. A weight percentage of the
carbon nanotubes in the mixture can be in a range from about
0.1% to about 20%. In some embodiments, the weight per-
centage of the carbon nanotubes can be in a range from about
1% to about 10%, such as 3%, 5% or 8%. In one embodiment,
a weight ratio between the carbon nanotube source and the
cathode active material is about 0.2:8, and the he weight
percentage of the carbon nanotubes is about 2.4%.

In step S3, a power of the ultrasonic wave can be in a range
from about 400 W to about 1500 W. In some embodiments,
the power is in a range from about 800 W to about 1000 W. A
time of shaking with the ultrasonic wave can range from about
2 minutes to about 300 minutes. In some embodiments, the
shaking time ranges from about 5 minutes to about 10 min-
utes. The solvent with the carbon nanotube source and the
cathode active material can be shaken with ultrasonic waves
continuously or at intervals. The interval of the ultrasonic
waves is alternating between a working status for a time T1,
and arest status for atime T2. The time T1 and the time T2 can
be the same or different. A sum of the time T1 can be in a
range from about 2 minutes to about 300 minutes.

In step S4, after the solvent with the carbon nanotube
source and the cathode active material is shaken, the carbon
nanotubes in the carbon nanotube source and the cathode
active material particles in the cathode active material com-
bine with each other to form mixture. The mixture consists of
the carbon nanotubes and cathode active material particles.
The solvent with the mixture is kept still for about 1 minute to
about 20 minutes. The mixture will deposit to a bottom of the
solvent. Referring to FIG. 3, in one embodiment, after the
solvent with the mixture has been kept still for about 10
minutes, the mixture will have deposited to the bottom of the
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solvent. Carbon nanotubes or cathode active material par-
ticles will be suspended in the solvent. After the solvent with
the carbon nanotube source and the cathode active material is
shaken, the carbon nanotubes entangled with each other to
form a net structure. The cathode active material particles are
wrapped by the net structure and attached on the surface of the
carbon nanotubes to form an integrity mixture. The cathode
active material particles have a larger density than the solvent,
and as such, the integrity mixture can be deposited to the
bottom of the solvent. After the mixture has deposited to the
bottom of the solvent, the solvent can be absorbed from the
container by a pipe, thereby separating the mixture from the
solvent. Referring to FIG. 4, in a different experiment, a
number of carbon blacks and the cathode active material
particles are added into the solvent, and the solvent is shaken
with ultrasonic waves at the same period of time. The solvent
is kept with the mixture of the carbon blacks and the cathode
active material particles for about 5 hours. The mixture was
found to still be suspended in the solvent. That is, the carbon
blacks and the cathode active material particles could not
form an integrated mixture. Although the carbon blacks and
the cathode active material particles were separated from the
solvent, they could not from an integrated structure with
enough strength, and therefore cannot be used as a lithium ion
battery cathode.

In step S4, after the carbon nanotube source and the cath-
ode active material are separated from the solvent, the mix-
ture of the carbon nanotube source and the cathode active
material can be dried at a room temperature or at a tempera-
ture from about 25 centigrade to about 80 centigrade. In one
embodiment, the mixture is dried at about 70 centigrade.
After the mixture is dried, the mixture can be cut directly to
form the lithium ion battery cathode. In other embodiments,
the mixture can be pressed and then cut to form the lithium ion
battery cathode. A thickness of the lithium ion battery cathode
can be larger than 10 micrometers, although the lithium ion
battery cathode with small thickness of about 10 micrometers
is still sufficiently strong to satisfy its application.

Referring to FIGS. 5 and 6, one embodiment of a lithium
ion battery cathode 10 includes a plurality of cathode active
material particles 14 and a plurality of carbon nanotubes 12.
The plurality of carbon nanotubes 12 is entangled with each
other to form a net structure. The plurality of cathode active
material particles 14 is wrapped by the net structure and
attached on the surface of the carbon nanotubes 12.

The carbon nanotubes 12 are entangled with each other and
combined by van der Waals attractive force therebetween,
thereby forming an integral continuous net structure having a
plurality of micropores defined by the carbon nanotubes 12.
The net structure can be a free-standing structure. The term
“free-standing structure” means that the net structure can
sustain the weight of itself when it is hoisted by a portion
thereof without any significant damage to its structural integ-
rity. So, if the net structure is placed between two separate
supports, a portion of the net structure not in contact with the
two supports, would be suspended between the two supports
and still maintain structural integrity. The free-standing struc-
ture is different from powder which would fall if the powder
is not in contact with the support. In addition, the carbon
nanotubes 12 are disorderly aligned. A density distribution of
the carbon nanotubes 12 in the net structure is substantially
the same, or mass ratios of the carbon nanotubes 12 to the
lithium ion battery cathode 10 per unit volume are substan-
tially the same. Thus, a resistivity of the lithium ion battery
cathode 10 can be substantially uniform.

The carbon nanotubes 12 in the lithium ion battery cathode
10 can serve as a conductive material and microporous carrier
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to support and fix the cathode active material particles 14.
Thus, even without using an adhesive, the lithium ion battery
cathode 10 can be an integrative stable structure due to the net
structure composed of the carbon nanotubes 12. The cathode
active material particles 14 are uniformly distributed in the
net structure. Specifically, the cathode active material par-
ticles 14 can be adhered on or entangled by the carbon nano-
tubes, or the cathode active material particles 14 can be
wrapped by the carbon nanotubes. The cathode active mate-
rial particles 14 and the carbon nanotubes are in contact with
each other without adhesive therebetween. The cathode
active material particles 14 and the carbon nanotubes are
fixed together by van der Waals attractive force therebetween.

Referring to FIG. 7, curve A represents a stress-strain curve
of one embodiment of the lithium ion battery cathode 10
without the adhesive, and curve B represents a stress-strain
curve of a conventional lithium ion battery cathode with the
polyfluortetracthylene (PTFE) adhesive. In the embodiment,
the lithium ion battery cathode 10 only includes the cathode
active material particles 14 and the carbon nanotubes 12. The
cathode active material particles 14 are lithium cobalt oxide
particles. The mass ratio of the lithium cobalt oxide particles
to the carbon nanotubes 12 is 8:0.2. The conventional lithium
ion battery cathode with the PTFE adhesive includes lithium
cobalt oxide particles, carbon black, and PTFE adhesive. The
mass ratio of the lithium cobalt oxide particles to carbon black
to polyfluortetraethylene adhesive is about 8:0.5:1. As shown
in FIG. 7, strength of the lithium ion battery cathode 10 is
much higher than the strength of the conventional lithium ion
battery cathode with the PTFE adhesive. Thus, although the
lithium ion battery cathode 10 does not include the adhesive,
the lithium ion battery cathode 10 still has a good strength for
satisfying the application.

The above-described embodiments are intended to illus-
trate rather than limit the present disclosure. Variations may
be made to the embodiments without departing from the spirit
of the present disclosure as claimed. Flements associated
with any of the above embodiments are envisioned to be
associated with any other embodiments. The above-described
embodiments illustrate the scope of the present disclosure but
do not restrict the scope of the present disclosure.

Depending on the embodiment, certain of the steps of
methods described may be removed, others may be added,
and the sequence of steps may be altered. The description and
the claims drawn to a method may include some indication in
reference to certain steps. However, the indication used is
only to be viewed for identification purposes and not as a
suggestion as to an order for the steps.

What is claimed is:
1. A method for making a lithium ion battery cathode
comprising:

making a carbon nanotube source comprising a plurality of
carbon nanotubes;

providing a cathode active material and a solvent, wherein
the cathode active material comprises a plurality of cath-
ode active material particles;

adding the carbon nanotube source and the cathode active
material into the solvent, and shaking the solvent with
the carbon nanotube source and the cathode active mate-
rial using ultrasonic waves to form a mixture in the
solvent free of adhesive, and the mixture comprises the
carbon nanotube source and the cathode active material;

allowing the solvent to deposit the mixture at a bottom of
the solvent by keeping the solvent still; and

separating the mixture deposited at the bottom from the
solvent to obtain the lithium ion battery cathode.
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2. The method of claim 1, wherein the step of making the
carbon nanotube source comprises making a carbon nanotube
array on a substrate, and scratching the carbon nanotube array
from the substrate.

3. The method of claim 2, wherein the step of making the
carbon nanotube array comprises substeps of:

providing a smooth substrate;

applying a catalyst layer on the substrate;

annealing the substrate with the catalyst layer at a tempera-

ture in the range of about 700° C. to about 900° C. in air
for about 30 minutes to about 90 minutes;

heating the substrate with the catalyst layer at a tempera-

ture in the range from about 500° C. to about 740° C.;
and

supplying a carbon source gas to the furnace for about 5

minutes to about 30 minutes and growing a super-
aligned array of the carbon nanotubes from the substrate.

4. The method of claim 1, the lithium ion battery cathode
consists essentially of the carbon nanotube source and the
cathode active material.

5. The method of claim 1, wherein the cathode active
material consists of the plurality of cathode active material
particles.

6. The method of claim 5, wherein the cathode active
material is spinel lithium manganese oxide, layered lithium
manganese oxide, lithium nickel oxide, lithium cobalt oxide,
lithium iron phosphate, lithium nickel manganese oxide,
lithium nickel cobalt oxide, lithium nickel cobalt manganese
oxide, or any combination thereof.

7. The method of claim 1, wherein the solvent is ethanol,
glycol, acetone, N-Methyl-2-pyrrolidone, water, or combina-
tion thereof.

8. The method of claim 1, wherein a power of the ultrasonic
waves is in a range from about 400 W to about 1500 W.

9. The method of claim 8, wherein a power of the ultrasonic
waves is in a range from about 800 W to about 1000 W.

10. The method of claim 1, wherein the solvent with the
carbon nanotube source and the cathode active material is
shaken with the ultrasonic waves for about 2 minutes to about
30 minutes.

11. The method of claim 1, wherein the solvent is kept still
for about 1 minute to about 20 minutes.

12. The method of claim 11, wherein the solvent is
absorbed by a pipe to separate the solvent and the mixture.

13. The method of claim 1, wherein after separating the
mixture from the solvent, the mixture is dried at a temperature
of'about 25 centigrade to about 80 centigrade.

14. The method of claim 13, further comprising a pressing
method pressing the mixture after the mixture is dried.

15. The method of claim 1, wherein a length of the plurality
of carbon nanotubes is greater than 300 micrometers.

16. The method of claim 1, wherein the plurality of carbon
nanotubes are free of functional groups.

17. A method for making a lithium ion battery cathode
comprising:

making a carbon nanotube source comprising a plurality of

carbon nanotubes free of functional groups;

providing a cathode active material and a solvent, wherein

the cathode active material comprises a plurality of cath-
ode active material particles;

mixing the carbon nanotube source comprising a plurality

of carbon nanotubes free of functional groups and the
cathode active material in the solvent;

agitating the solvent with the carbon nanotube source com-

prising the plurality of carbon nanotubes free of func-
tional groups and the cathode active material using ultra-
sonic waves;
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depositing the carbon nanotube source and the cathode
active material by keeping still the solvent to form a
deposition at a bottom of the solvent, and the deposition
being free of adhesive; and

separating the deposition from the solvent to obtain the 5

lithium ion battery cathode.

18. A method for making a lithium ion battery cathode
comprising:

providing a plurality of carbon nanotubes free of functional

groups, a plurality of cathode active material particles, 10
and a solvent;

adding the plurality of carbon nanotubes free of functional

groups and the plurality of cathode active material par-
ticles into the solvent;

shaking the solvent with the plurality of carbon nanotubes 15

free of functional groups and the plurality of cathode
active material particles using ultrasonic waves to
entangle the plurality of carbon nanotubes with each
other to form a net structure, wrap the plurality of cath-
ode active material particles with the net structure, and 20
form a mixture in the solvent, wherein the mixture is free
of'adhesive and comprises the plurality of carbon nano-
tubes free of functional groups and the plurality of cath-
ode active material particles;

allowing the solvent to deposit the mixture at a bottom of 25

the solvent; and

separating the mixture from the solvent to obtain the

lithium ion battery cathode.

19. The method of claim 18, wherein the mixture consists
essentially of the plurality of carbon nanotubes free of func- 30
tional groups and the plurality of cathode active material
particles.



